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(54) PARALLEL SORT DEVICE 

(57 ) Ab st ra cfc 

PROBLEM TO BE SOLVED: To shorten the parallel 
processing time of a parallel sort device by equalizing 
the numbers of sorted strings which are read out of a 
secondary storage in every parallel processing unit when 
the external sorts whose objects data are not 
completely stored in a main storage are carried out in 
parallel to each other in a multiprocess. 
SOLUTION: The sort processing operations are carried 
out in the sort/merge main storage areas 31 and 32 
which are proper to the parallel processes. Then these 
sort processing results are stored in a shared sorted 
string main storage area 5. Then the strings are written 
in the work areas 81 and 82, and a work area 
management means 6 decides a string replacement block 
when the area 5 has an overflow. The strings are taken 
out of the area 5 and sent to the areas 31 and 32 to 
perform the merging operations after the sort phase is 
over. Then a string writing/reading means 7 decides the 
blocks to be read next, and these blocks are read out of 
the areas 81 and 82. 
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y - h ffifrx v »j y ^ffl±f B<§m® 5 ttstt-r 
4. f^(WW8 1. 8 2lcxMJy;/£§#tBU V- 

ftmtm&m e vx v v y?w # nu fa 7 ? 
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[ mm i3 v - vnm>\i)f- 9 ztmtim- 

y-h/-7-v%a^4«PBWB b T«§n.s^ h 'J y?' 
<9lgfi»!^ig£*-;\'7n--rft 7"o y ? S-iffiKS-tir&f^ 

*«!«£*rr ftuzcoz&ieitfc . 
/v-ismwixtktiit&mttA b y y^mmz 
m^-^-<m^hXftf-9mmk7'v -v9fr 

£>&ftx b y V9"km.h.)& LTMIBV- r/^-^'ffli 

luisy - h/-?- xffl±feiifti&9* h i) y7"§ y - h 

bmxbv y7±Ms&swtzim i.hi\> ^ums y - 
t^x h 'j y?$Mmffi&<nx b y y?'£ y- h/-?- 

eiMi«(c^-t« y- b/-?-i;*m , ^m* 
x-c-*^ tT^i»M^jy- h sse<c& t , 
luiey- b/v-v^s^friey- h/v-^ffl±ieif. 

h 'J y^£y-h/v-i^L-t±j£-f ftfr 
fcfrx h 'J yy<?>7u -y 7 Srfftey- h$rX h y y 

n-y? mszymmmzwz mi itz. inex b<jy 
r'ZtiZ'tiv>wzt&tt>ti&y r vv9®t&mL<-t&£ 

BtrfBV— r-«f* h y y9'iiimmm^-^yu-yu 
■viz miftmmmz mries £ $ * ^>fc # tB l . & 
* wimney- h^x b y y^±isit^^^ h 'j y?" 
^y-h/v-^sf-ftt^. Miea#siit«i:fts 
& y'o fnef^s«*^st*aj ltx h y y/ 

frfgyrtftx h 'J y7'§£ a L/K*a**Si: . £fl 
ft i t -fajfefl V - MSB. 

[11*312] iffErD*x>cfteft£**y&3rlh' 
/H-7*cHr 7tO§7Dt -y -frfcffl 0 it ft <r t 
h t ft IftftB 1 letK^M^iJ y - MSB. 

[000 1] 

[$&#3*^4tt«r#»] i^HBIi, v-b/i-'J 

mnwmnm u w<c . v-b 9 a*±e 
^y-r-f yfiiZffif ft. 

[0002] K^T-^^-X^rA^gp-cy-r 4 



$nr^ft^-* { $)ft. 

[0003] jfi^Uffl-ft^iiT^ftM^J^rA-CJi. 
±ieif ^* a —iV&j&tt Shared ev 

erythin gW<7)7-*T91-*X\ ZVtfmm 
fflT'^ft. $4>C ±ieit^*b^V^shared 
nothi ngin. ^•siS*^ ; e'JT-^T^f- J r 
^SfflLfc^rAJi. i^UBflSrjlffl-Cl'ft. 

[0004 ] 

[1] #^¥03-0 7 1 227 
[2] Bi tton D. , et a 1 : " P a r a 1 
lei Algorithms for the Ex 
ecution of Re 1 at i ona 1 Data 
base ACM Transactions on 
Data — base Systems. Vo 1 8, No 
3, September 1983, pages324 
-353. 

[3] ttJUSft. *»*-: "NonStop SQL 
V)r-*T91-V' , fiW, Vol 3 3, Nol 
2, page s 1436-14 AOifihh. Ztl^X 

[ 0 0 0 5 ] KM C l ] IzXtiti, ±IS1t (^ftm ) (C 
'/-Wli5Jf-^ (gin) ^-r^TiR^^^^ 
««*S*«)y- hJftSSrJWPWy- h tBftX. 1 0?) 
y— h7x-XiLog (n/m) @07-y'7x-X 
Zi>->T®f$.Zhh [XK1^>4K] . #7x-Xt' 
(A. -e^T^Kiy-h^iifelSjlSrto, vKo*> 
7°^4^-f ft . b D y/i: Bf 

&Z.t'ct&. tzbUi. y-h7x-X^TB$c7)7sh 

•j yyvmms. ,m±n/ m x-h i.smv-b n&m 

(i. V- h 7x-Xt V-v ; 7 x-XJ)ft v^i#«t?)-e 
-y'7 x-XHITf , -^»t«L*tftfMlfW**c*«- 

i 0 , ^ffiJSC^V^ ft I/Oboundtft4) 

^ ft i t t\ mmzmvx- v-t&x^o mhht» 

SrUBTPLT^ft. i«)*ffiKJ:ntf. y-h»lfcfl!ffl 

■r ft^t 'j &y- h/-?-vMaffli:fm^^iffl^ 
yfirtm z titzm&x' ( -r^b h v - b /■?- vim 

M®<v£X&T-9tf>imZh.tzi%&) » %<rym., ~ 

ot^i^b^/H Ma-r ft ^ t •ci^^a^ <b o 
m^ta imizm.i-^~mm^ i /oma^pflBtt 

ft & * ft . ^fcZiJ:! eH^cOS # fc* L (i Xh t- 9 
VMX&fi- 1 y 7* ^ "t*:T V ^ft . 
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[ o o o 6 j 9wv- ^ £**ro-t -x^mjij 

v^yjatfflLfceW*. S*t [2] (=*S<iTV^4. n 

->*y-hfcW!M-4BrC. SUB OPTIAML 
STAGE t OPT I MAL STAGED— OCOf-^ 

9 17bS94S-ro-fe y1f9 5^S98t'y-hL. * 
0*Sft«r***Wfc#7*o-fe 7t9 5M9 8«Cl*(7) 
7. h U yy*9 9 l,Z-?- : JLX V^S . M^iJ 2 *} xW V-x 
y- htli, fltr^MVV- h^SSHS- $ UzZ&mz 
»fiK§ ^arot y ■9-CV-5^-4 i T ( P O S 
TOPTIMAL STAGE) , l*c^V-h$ii^ 

[0007] wa-f-^^-^^rAfcfejtsnfiMC 

f£ttft«3r£ML. £ 

mmm&w^mmsmwn&sgi thcox\ f- 

T — fi&tziVgt 0 #*> h%a. M^'JV— bOOPT I M 
AL STAGEi POSTOPT I MAL STAG 

e ht* t t — 9 mwM.wz or o -b 7 ^Ma^T * 

[0008] 

[f&wai&LJ: a fc-rsisM] xzvg&m. t>i» 

(i 7 7 7 ?mcr>T-* t 7 f- + £#oM?iJ v y y±T"M 

?ijy- hMa£»? -wi-^Pomt subopti 

MAL STAGE, OPTIMAL STAGE S-ffl 

«^WJy-hi:**L, &mz$M [ 1 ] co^ftS-ji 

[0009] *MBy-h*>*£, #7x-XT'PI-T- 
lgteA^r-ycD^aiU $>l.v^im7x-X^ 

xcomim^T-?cr>m&9% mtimx^-y 77 



wcti, y - h/v-ymfi d it s±ieiift£trag 

y-h/v-^ffltfJOST^^i 

imzyyyMz77-tx?z>mmzfor,^ ^mmm 
izm 9 4>*ut±iettiiW»:r 7 -t 7 ^ & & . 

[0010] i«)W»Ttt. M^'J y — NWSUBOPT 
IMAL STAGE, OPTIMAL STAGER 

M?|J V- h 05GJTHI3I L£>-?«I i T\ 7-i/'7i -X<7) 

x h y y7*T2&lB1§a»4>^aj-ryo 7 7ft£&7 h 
'J y^^C^fcU M5WMN-*n»y- hwHT^M 

[00 11] 

T-?<-wf^&*mcoM.mmmx\ y- h^i 

[0012] zcotztb. z\<r)$m<r>. v-Yft&<n\ji 

h y y^fcsv^sy- h/^-v^a^+iaiwc'^ 
six** h y y^*««rt-*y- h/v-v'ffl±ieit^ 

«i: . y- h/v-v®aco4'WgT«$iil»x b 

y yyc7)tsift^$-^-ys'7Q--ri»ya 7 ^sriis? 

•eix-fii-CifiiL. WSEy- h/v->fffl±iE«R«K) 
7h y yy&y-h/-7-^MaLT±fi!t-ri.*r^^ 
h y y^ti^^iwstiiww^^* y- h*x h 

y^F^I5[7'n 7 7^<i>^-l.7. h y yy^g^ifc LTffl 

lay- h/"7-^ffl±ie*MW«cisiM-4 ajb^^s 
k . Huisy- h/-7-i/-ffl±iEitm*^7. h y yy y 

- h/7-^«uiLT4isLJt«rfc^ h y yy^ffie 
y- higx h y y^±iee^«t=«ttL. *4^«±friB 
v-hmx h y v7±wmm<r)x vvyy^v-y/ 
■?-i?vmLxw&x v y yy$rmisy- h/v-^* 
ffl±E«w*fc»a-r4 y- . 

o-fe xtM LT^rl) M?iJ y- h o T . tulfiy 

- h y-?- ^gbWfiriE y - h / -e- s^ffl±iE««ttK) 
7.hy y7*v-v/^-i?>m.Lx*kfct hftt&x 
v y yycorn 7 ^ * luisy- vmx v y yy±isit^ 

h y yytiijp 1 & ^-a*7 o-yo 7 7 
£lt?feft£S^$£it# fc ^ , 15127 b y yy-eti 

^fioa# mi htih 7d 7 y » l < -r 4 «k 3 
w-rif^Riswra^afc . Hey- h 0 yy± 
K«w*o*-^7o-yo 7 7 (meft^mwcne 
a # 8i x o # tB l . * 4 v ^iifluie y - h 7 b y 
y7±ieii^07 h y yy$- y - h/-?- 

m^m^tatxx h y y^^wt-thxv y yy## 
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[00131V- bmmt%&T-?ii. -mmo 

^tz^ft&V-btf$£TLX±&Ztl&m?z%x b y y 
?UM«cr>Ta-tXX'V- b&XbV V 2?'ffl±ieit^ 

£*u> . v - bmx h y >?mzim<7)* i- y y 

*>»#ra^«, xhvyywztzi/mfr&i&w/- 
b/-?-ismiimm®<Dz b y y?'4wn -y ? 

b ; &z h y ymamiz's. # m <%^tzm^. \m 
mm mz-fw. &x b u y^x-mmtyu 

o-ikfcijmiz^xiz, nmmxtm-th. 

[0014] 7-y'7i-Xt1i, v- bffiX b y y? 

miimwmm^v- bmcox b y yftmizm o & 

1 . m±immm^m ix 'jxm^ -) . 
ztin. imcora-txT&mzmmtih* zwm 
z&rn-txmmitz-kxcoA b y ynzxixmrn 

■tl. v-yjH^TLf^W. U&ttffiX'mWL 
ftPOSTOPTIMAL STAGEc7)Ma^'<S§il 

[0015] ±f£i)f1^{C. V- h$r* h y y^'ffliie 
1tC07'D-y?£2##T'£*:*§-&. Xh 'J yfmZtill 

7'o ••/ ? twitxbv yrx-mzmmt&yu ? cnm. 

n y^com^mut. ^-iswmfi^z'iihtih. ■? 
-ismmiz, v-b%zbv y7'±tmm®*<7)x b y 
y?ifitsi< xb'j y?°m% as L/m^m i 

coihmzx ot , ^ru^xi)<-<m^mmm^h 
n^ajt7'n -ytmsimz ix . m-txmx^mv 
- b iz&wj:wmmm£-&bit h z. b tfx-% h . 

[00 16] 

[mcommmm) act. z<v%,mz^x. mm 
m.ixmwtz. 

[0017] z(Dwnv-mmmcoffi&£^t® i 
mt h b . m^ij y - bmm i a* 2 mru-txx-mftt 

Sfi§l££M*U y-h^Aybi:^l>A^T-^2 1 , 

2 2 1 . A7J r- ? £ 7'a-b XWlbcr, y — b yffl± 
Ettfl«3 1 . 3 2tCf5!^a^mAtiJ^I^I53 b , 



i^^^A^T-^ * y- b/^-'jm±Mmm®3 

1 , 3 2±T'y-h&&^ti^-y'L-CfrU^byy 

^^^•i»y-h/v-^g4fc, v-b/-?~=j 
^®4iz£ oxv-b ztitzfe$kX'h&xb v y?5 1 
JbM54&wt& y- h&x b u y^ffliieit^ 5 

. *3lT—9<?)3tfZ< , y- hSFX h 'J y^««5 
^-^'7 n- LT . K±EttflUA 5 *qFfi L/c^tc 
fil^T. 17 1 jS5 4'C't'07'o-y^S:ff^ 

^T'o.y^^S^mi.ffli: LtaWf S*»S:i*S&r*ff 

nv^sro-fe^jccof^naissi, 82£S£aj-r 
xb^y/m^L/m^ih^mb. zmtz. 
[ooi8] iwnsfiWTti. zmwrnnyo^xifi 
v-b%%zi*<7)xbvyybLx^&. ztiit. ft 

MmX'^tz^n V-hcOSUBOPTIMAL S 
TAGE, OPTIMAL STAGE^fflSf I. ft 

4^3^* S. 1 , 22i:y-h/7-i/ 

ffl±ieitMii3 1 , 3 2 i: , mm&S 1 , 8 2«±M?iJ 

MiiJ^fi^ro-fe^tttffS L. y- h^fx h 'J y?m 
nm$m. 5 &mwmTn-txi l z#M i-fzrn 

®X*fo&i><Vt LX^h. imm®8 1 , 8 2^, y- 

b/^-^m^ummms i . 3 2zmmm$.mz& 

[ooi9]i)s:(:. c:<7)|lSfe0ij<7)y-h'7->''ffl±ieii 

ia« 3 1 . 3 2 1 . V - h»X HJ y ^ffl±fBtt1S« 5 

6^y- h^x h y y^-ffl±ieiiMJi5±c73x h y yy 

5 17 1 ;S5 4c0^7'o-y^5:E#^tl.^<7)^^ 

$ 7-0 7 ^ ^4 Lfc*^. *hv ym% as t/ii^ 

U t«7 #£<7>7a y ^ »Z%ettOf^R«K8 1 , 

[0020] fttsiimmmA xn&gjm&wft 
■th. y- h/v-^ffliiS'titiro-fexiiwoMiiT- 

h D , -9--f X(i#rn-bXT'|5] ££^6 . #7n*X*>' 
3!aa-r-l»A^r-^^X$rnfc L. V-hffl±i£tt<*> 
W XZmbtlb. -o»7o-l:XA ! Mt^y-f 

^^gt-rs^t y«(±. wmm>x b y y/fc 
y y^«. ^-^rDHrx^^ct^x b y yfx-bh b 

th. ^-VWmX'&WjMm&Z f (n/m) T« 
m= f ( n /m ) 

^h^^)S.m^m^thz\bifm.tL\.\ tiblli. 
f (n/m) =n/m^-X?rfi.lit, ±5^(im = 
n/mi:^0. m=root (n) t%Z>, ±.&cr>± 0 
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%m<r> oh. m <v±nm v- bmx b v vmm. 

[002 1 ] <MC, MS^flfg6W/D7^I§ 

mmm-ttm2 (a) , 02 (b) , 02 (c) , 0 
2(d) mmix. mmimm^m izx&wm 

ITtUlVXAZmnth. 02 (a) JbSH2 (d) 
X'ii. V-bWfm£$ktLXAbVy7'5 lT]¥.5 4cr> 

4 y- h mx b o yrmMzmm® 5 iz 

mZtihi><r)tLX^h. y-h£7hyy7"ffl±iS1i 

Mm 5 \,Z-ffi£$h 7'o y 9li^X' 1 2 7"o -y 7#?& 
T, 7"o-y7?>g£}8;t#f&£U V-bmxbOy? 

miimmm 5 & h^wm si, 82^mmix"M 

v $ fifc 7'n y 7 (iMoM 0 if L vm+Z Uz-fh. 
02 (c) , H2 (d) T\ B#8USfc>f4, iOHM 
Dc7)7Qy^gcT-fe-i>„ 4fc, SDirti. 02 (a) , 

( b ) m-re^sftT v-bmx b v y?±im 

««5<01 2 7n y?rttSoT^|>$re£>l>. 

7'o y 7(4, *tt*MrC4jS$*l**j£*>.* H 'J >^ 

7a y 7T'£>I> . XbVy?5 1kXbV y? 5 2 {47° 

0*7 i 5#y- hjiilt^ h 'J y7"T"£> 0 . 

-S^JWCiT'o-fe* 1 5tfWQ+&. 7. h U y7'5 3 
kXh ';y^5 4(47'n-fe7 1 6#'y-h£Q ; JIUc7h 

[0022] 5frf H2 ( a ) (4, 7 h 'J 3<7)£E 
I* fcfW** 1 *-' <7 o- L . ftaycfi S #£>g t & 
ofcBfrSTV- hg?7 h U y7MmM®5C7)l 2 7'o 

■y 7i*hc7 h i) yy^m^htitzm'Hi^Lx^h . -r 

^B#rirt\ 7b U y7'5 1 . 5 2, 5 3£)£T£)g£}ft 
0 h Ifi . £j£ Lfc 7 □ -y 7 S- fMiiS 5 t f&W 

03^4*1(4; (^tmmttmt 
%ox^izbo y?5 3VM) i&ftititzmsit&n 
x\ szminmt txxbv y? 5 1 tmimi (7 

r-y 7' 6 1 ) . 7h'jy/5 1^1 /Dv^Jl^ii. 
^«^tv- hS?7 h ij y7'ffl±ieit(-SI>7n 7 9tf 

ttth ( 1 w±x-hh ) <7>x\ zvAbv yynmk 
izm&zixfcmt (H205 1 3 ) 

££^LT^6 (7r-yr6 2c7)no) . & 

itesBLZMzW)* b u yyw-zsmwzmff-t&tz 

^j^y- hSf7 b 'J y^ffl±IE1SSS«5 ^#fttSi^ 
tffohfrhX fo h . H 3 'J XA t L Jt* ? o T . 

4*^r^7 h n yr^mtmh^tzm&nw&zm 

2(b) 7hUy7'5 4<7)7D y7(4, S#c7) 



2, 5 1 3. 522, 523, 5 36, 537, 54 
2, 5 4 6?)g£J£xC4oT. 1 2 7oy7fl<^Sd?. 
5 1 1, 52 1, 53 1JS53 5. 54 1, 54 37^ 
S545, 54 7ttty>4>nT^4. i^tt^^fili. 
(4, @307x y7-6 2^#^4>. 02O7o-y7 5 

4 it«»4L=irt\ 02 (b) {zxtummmz^x 
cr)xbvy</x°w$mmi?2ttc*) . m^tni-^y 
d -y 9mm uzz&mizmmztix t 

*>. ^c7)Cli:{4, -7-vMSB#tcrn-b7 1 5to£V7 
a-tx 1 6 t'^=5r#flia^8 1,82 L 

®fkmi<%*). &ra*xx'<w-ismmmmw\ 
mmiz%$>zk£WMt&. v-bmxbv y^±ie 

5 (C7 h D yytf£j&2tiX . 7a -y 7 ^B#^ 
iftfcftfcUi, y-hapxh'jy^ffl±3E«5^)Jl#» 
^rl. 7"o -y 7 £7 h D yrmzm L/mMzL 

^mx-^mmms 1 , 8 2(c#*tai"«fi3?* t **. » 

Ltzifi, Vm^zm^LXH<Z\t tzkt 

t4\ mnzmmtitmL'th-^m (04 o. y-h 
^7 h u y^ffliiatfwttc 1 70 yfto&ztfb&vij 

AX') fc. 03iO7^3"';XA^3IfflL. ^(Cg^fHi. 

Lfc*&fcB* S 7'C -y 70## aj 
tliLTfc<^i:-C\ A*r-^*»^w»»ajt*JJ:l^y 
- hStta fc ft»M^8 1 , 8 2^0)7u »/9<rym$ti\L 

X'*h. v-'Jyx-xx'V-bftx b >) y?'m.®5<D 
«4 7'n y 7<^aa*^TL. OT"n y ^TPiJffl^T 
Igi: 7 h ij y7'S§ SJ L/m&*«7 

*>'y^>7'a y 7 &f^mnK8 1 , s 2*»fc»*ai-ra*£ 

[0023] $tr02 ( b ) #v-vMfi^m*-C' 
7h'J y7'S# tl5 L/m&^¥&7 tf07*n y 7 
£ *t 7 o - f - ^ - h T" * 1 0 4 (C 4 il(40 2 

( b ) X\ 7°o-fe7 1 6C07- i^'^Oia^jt^fL. 7'o-y 
753 ltfrnzft^tzti-Z. c\ZX\ 04CO1C7)7O 
-j-V-blZfcdt, 7°0-t7 5 6 g#c7)V->>MII 
T, S# ^7'a y 7 5 3 1 W^to+f&MW>7B ••/ 
7J4, 02 (b) (505 36, 5 4 2ipt>W&&t$>tdZ 
7"o-y7T-\ Z\<Doh5A2l,mmiX'h , 0 . 5 3 6«4 
S0K5Tft*ifc*>4) (Xf777 1 , 72).Xh'J 

y7'§# ai L/K*a«#a7W7*o -y ^ 5 4 2 
aj-r (AT7/7 3) . c:co^, 7->>ma{4. 02 

(b) Wo-y7 54 1 . 5 3 2<rmxHmth.- 
-ft^ ro-tr71 5c7)-7-^Ma* i jlffL-7'o-y7 5 1 1 
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